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(57) Antennas 22 to 25 of a main unit machine 20 
are implemented as coil antennas and the coil antennas 
are disposed in parallel with the floor of a vehicle so that 
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the floor. Particularly, the in-vehicle antennas 24 and 25 
are placed at the front and the rear near the center in 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

[0001] This Invention relates to a control apparatus, 
such as an entry system of a vehicle, for checking an 
authentication code for validity (so-called ID authentica- 
tion), etc., for example, based on radio communications io 
between a portable machine and a main unit machine, 
and for controlling machines, units, systems, etc., in- 
stalled in the vehicle without requiring cumbersome op- 
eration of the operator. 

15 

2. Description of the Related Art 

[0002] As a system containing this kind of control ap- 
paratus, for example, a keyless entry system of a vehicle 
coming Into widespread use in recent years has been 20 
available. This keyless entry system comprises a port- 
able machine that can be carried by the user and a main 
unit machine (In this case, vehicle-installed machine) in- 
stalled in a controlled object (in this case, vehicle). In 
keyless entry system, authentication code Is checked 25 
for validity by radio communications between them and 
predetermined operation (unlocking or locking opera- 
tion) of the controlled object (in this case, vehicle door 
locking) is accomplished under the control of the main 
unit machine provided that the authentication code is 30 
valid. 

[0003] An early-type and general system of such a 
system has a configuration wherein the user operates 
a specific button, etc., placed on a portable machine, 
thereby radio-transmitting a speclfk: operation signal 3S 
containing an authentication code (for example, vehicle 
door unlocking command) from the portable machine, 
and a main unit machine receives the signal and checks 
that the authentication code contained in the received 
signal corresponds to the authentication code preset in 40 
the main unit machine, then performs predetennined 
output for controlling a predetermined controlled object 
(for example, control signal output for unlocking vehicle 
doors). Namely, the system provides a one-way com- 
munication system of conducting only one-way commu- ^ 
nications from the portable machine (in this case, trans- 
mitter) to the main unit machine (in this case, receiver) . 
[0004] However, In such a one-way communication 
system, the portable machine needs to be driven only 
with an installed battery, and it is impossible to output a so 
signal containing the authentication code all the time be- 
cause of consumption of the battery. Thus, as described 
above, a signal must always be transmitted with some 
operation of the user as a trigger (namely, it always be- 
comes necessary for the user to perform some inten- 55 
tional operation); the system involves a limit to enhance 
the convenience of the user. 

[0005] Then, in recent years, a more advanced sys- 



tem for conducting two-way communications containing 
electric power transmission between a portable ma- 
chine and a main unit machine has been proposed and 
partially has been put to use. The system executes nec- 
essary check for validity while suppressing consumption 
of the power of the portable machine and then operating 
a controlled object. 

[0006] For example, as a keyless entry system of a 
vehicle, a two-way communication system comes 
along, wherein a portable machine, which enters a com- 
munication-possible range, receives electric power 
transmission in non-contact from a main unit machine, 
thereby being started with the electric power transmis- 
sion as a start signal, and transmits a signal containing 
an authentication code to the main unit machine while 
electric power required after the portable machine is 
started is also provided by the electric power transmis- 
sion depending on the situation. 
[0007] The two-way communication system makes it 
possible to automatically transmit the signal containing 
the authentication code to the main unit machine with 
the start caused by the power transmission as a trigger, 
so that predetermined operation of the controlled target 
can be accomplished without performing any operation 
of the user depending on the situation. For example, 
with an entry system of a vehicle, if the user carrying a 
portable machine simply approaches a door of a specific 
vehicle installing a main unit machine corresponding to 
the portable machine, the above-mentioned two-way 
communications can be established and an unlocking 
command can be automatically output to the lock of the 
locked door for automatically unlocking the vehicle 
doors. The more convenient entry system for enabling 
the vehicle doors to be unlocked or locked basically 
without requiring intentional operation of the user is 
called a smart entry system (or a hand-free entry sys- 
tem), etc., as a development model of a general keyless 
entry system. The market needs for such a smart entry 
system, etc., grow as an entry system enhancing the 
commodity product value of the vehicle installing the en- 
try system. 

[0008] By the way, antennas described In Japanese 
Patent Unexamined Publication No. Hei. 9-310548 and 
Japanese Patent Unexamined Publication No. Hei. 
10-53071 have been known as an antenna of a main 
unit machine in such a system. That is, a rod antenna 
is built in a column part of a sun visor of an automobile 
or a room mirror attachment part for the purpose of 
maintaining a good directivity of the antenna. 
[0009] However, the antennas of the main unit ma- 
chines as described above involve the following prob- 
lems: 

[0010] It is difficult to provide a properly wide commu- 
nication-possible range thoroughly (with no partial blind 
region) while transmission output is reduced to a mini- 
mum. Thus, there is a high possibility of occunrence of 
the following problem: Although the user canying a port- 
able machine lies in the same degree of the distance 
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range from a vehicle (or exists in the vehicle), radio com- 
munications become impossible and predetermined 
control processing cannot be carried out depending on 
the existence position of the portable machine (particu- 
larly, position In the floor direction of the vehicle). 
[0011] For example, advanced processing for deter- 
mining where the portable machine exists based on 
whether or not radio communications are established 
cannot precisely be perfomned. 
[0012] Particularly to put an advanced system such 
as the above-described smart entry system to use, the 
range in which radio communications (particularly, 
transmission and reception of power transmission as a 
start signal) are possible between the main unit machine 
and the portable machine (namely, the communication- 
possible range) needs to be set with good accuracy (or 
it may be preferred that the communication-possible 
range can be set with good accuracy) . If a detemiina- 
tlon as to whether the portable machine (or the user car- 
rying the portable machine) exists inside or outside a 
position a predetermined distance from the surround- 
ings of the vehicle or whether or not the portable ma- 
chine exists in the vehicle (namely, a portable machine 
search function of determining where the portable ma- 
chine exists) can be accurately made based on whether 
or not radio communications are established, for exam- 
ple, the operation of automatically locking unlocked 
doors if the user canying the portable machine simply 
leaves the vehicle a predetermined distance or more, 
the operation of enabling engine start If the user carrying 
the portable machine simply rides in the vehicle, or the 
like is made possible precisely without installing any 
separate expensive sensor, etc. 
[0013] However, with the antennas in the related arts 
as described above, it would become difficult to, for ex- 
ample, set a communication-possible range for in-vehi- 
cle communications (particularly, transmission/recep- 
tion-possible range of start signal) thoroughly in a suffi- 
cient wide range in the vehicle and set a communication- 
possible range for out-of-vehicle communications (par- 
ticularly, transmission/reception-possible range of start 
signal) precisely in a predetermined range sunrounding 
the vehicle (at least it would become difficult to set the 
range with one or several antennas) . For example, as 
for the communication-possible range for in-vehicle 
communications, if only one antenna in the related art 
is placed in a vehk:le, a communication-impossible re- 
gion (blind region) of at least a start signal occurs in most 
portions in the vehicle. For example, if transmission out- 
put of the main unit machine is raised attempting to elim- 
inate the blind regions, power consumption is Increased 
and in addition, the communication-possible range is 
widened more than necessary at points where directivity 
is strong, and radio wave is output to the outside of the 
vehicle via a non-conductive portion (for example, win- 
dow portion of vehicle), whereby the accuracy of the 
portable machine search function also worsens and the 
crime prevention of code theft is degraded because of 



radio wave leakage to the outside of the vehicle. If a 
plurality of antennas are placed at points in the vehicle 
for attempting to solve the problems, a large number of 
antennas become necessary, increasing the costs dras- 
5 ticaily. 

[001 4] According to the research of the inventor et. al, 
the reasons why it is hard to set a proper communica- 
tion-possible range with the antennas in the related are 
as follows: First, the antennas attach importance to di- 
10 reclivlty. Second, as the antenna placement position, 
the antenna is built in a position easily affected by the 
vehicle body (metal portion) such as a column part of a 
sun visor or a room mirror attachment part as mentioned 
above. 

15 

SUMMARY OF THE INVENTION 

[0015] It is therefore an object of the Invention to pro- 
vide a communication-type control apparatus for mak- 
20 ing it possible to solve problems concerning antennas 
as described above and set a proper communication- 
possible range while suppressing an increase in power 
consumption and apparatus costs, thereby more en- 
hancing the reliability of control or the convenience of 
25 the user. 

[001 6] According to the invention, there is provided a 
control apparatus comprising: 

a portable machine that can be carried by the user; 
30 and 

a main unit machine being installed in a vehicle for 
executing control processing to accomplish prede- 
termined operation of an object installed in the ve- 
hicle in response to the result of radio communica- 
35 tions conducted with the portable machine. In the 
control apparatus, a radio communication antenna 
of the main unit machine Is shaped like a coil and 
is placed so that an axial direction of the antenna 
becomes at right angle to a floor of the vehicle. 

40 

[0017] According to the invention, it is made possible 
to set the communication-possible range to an excep- 
tionally wide, proper range (less blind regions as a 
whole) although the number of antennas, the antenna 
45 placement position, or the transmission output is the 
same as verified from the test results described later. 
[001 8] Thus, the possibility of occurrence of the prob- 
lem wherein although the user carrying the portable ma- 
chine lies in the same degree of the distance range from 
50 the vehicle (or exists in the vehicle), radio communica- 
tions become impossible and the predetermined control 
processing is not executed depending on the position of 
the portable machine (particularly, position In the floor 
direction of the vehicle) can be decreased ( namely, the 
55 operation reliability can be enhanced) without increas- 
ing power consumption or costs or involving the detri- 
mental effects caused by unnecessary enlarging of the 
communication-possible range (the fear of having the 
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authentication code contained in a radio signal stolen 
because the communication-possible range is unneces- 
sarily spread or the like). 

[0019] The term "vehicle" mentioned here Includes an 
automobile, a small-sized airplane, etc., for example. 
The expression "object installed in the vehicle" can be 
a door lock, a drive source of an engine, a motor, etc., 
a drive mechanism of a transmission, etc., an air condi- 
tioner, an audio set, a navigation system, illumination, 
etc., for example. 

[0020] The term "radio communications" mean com- 
munications using electromagnetic waves. The electro- 
magnetic waves mentioned here also include infrared 
rays, etc., in addition to at least radio waves in the nar- 
row sense. 

[0021] The expression "executing control processing 
to accomplish predetenmined operation of an object in- 
stalled in the vehicle in response to the result of radio 
communications conducted" can be a mode of output- 
ting a control signal for simply unlocking a door following 
a command transmitted in one way from the portable 
machine, for example, and a mode of checking the au- 
thentication code transmitted in one way from the port- 
able machine for validity before outputting a control sig- 
nal for unlocking a door following a command transmit- 
ted in one way from the portable machine. It can also 
be a mode in which a portable machine start signal Is 
transmitted from the main unit machine, the portable 
machine started upon reception of the start signal re- 
turns an answer signal, and the main unit machine, 
which receives the answer signal, checks the authenti- 
cation code contained In the answer signal for validity 
before outputting a control signal for unlocking a locked 
door. 

[0022] The expression "floor of vehicle" means the 
floor of the cabin (living space) of the vehicle, and the 
expression "right angle to floor of vehtele" means a di- 
rection almost at right angle to the plane along the av- 
erage plane direction of the whole floor (normally, plane 
parallel with the ground surface) ; a reasonable error 
from the strict right angle is contained as long as the 
communication-possible range can be set sufficiently 
wide and proper. 

[0023] In a preferred fonn of the invention, as the radio 
communication antenna of the main unit machine, one 
or more in-vehicle communication antennas for con- 
ducting radio commu nutations with the portable ma- 
chine existing in the vehicle are placed near the center 
in a floor direction in the vehicle. 
[0024] Such a composition makes It possible to set 
the communication-possible range with the portable 
machine in the vehicle to a wide range containing the 
corners in the vehicle while reducing transmission out- 
put to a minimum, and at most two in-vehicle communi- 
cation antennas for the purpose may be placed. 
[0025] Thus, the most of the above-described advan- 
tages of the invention can be made concerning radio 
communications made effective particularly when the 



portable machine exists in the vehicle. This means that 
it is made possible to enhance the reliability of the con- 
trol operation based on radio communications made ef- 
fective with the portable machine in the vehicle without 

5 increasing power consumption, costs, etc. 

[0026] Preferably, the in-vehicle communication an- 
tenna is placed reasonably above the floor to decrease 
the effect from the floor of the vehicle. 
[0027] In a preferred form of the invention, the main 

10 unit machine has a portable machine search function of 
determining where the portable machine exists depend- 
ing on whether or not the radio communications with the 
portable machine are established. 
[0028] Such a configuration makes it possible to pre- 

is cisely detennlne where the portable machine exists 
without the need for an additional sensor, and the port- 
able machine search function important for an advanced 
system such as a smart entry system can also be real- 
ized with high reliability without increasing power con- 

20 sumption, costs, etc. 

[0029] The portable machine search function can be 
provided by processing of a control drcuit including a 
microcomputer contained In the main unit machine, for 
example. 

25 [0030] In the control apparatus of the invention, the 
object installed in the vehicle may be a lock for locking 
or unlocking a door of the vehicle and the control 
processing may be control signal output for accomplish- 
ing the locking or unlocking operation of the lock. 

30 [0031] In this case, the most of the above-described 
advantages of the invention (enhancement of the oper- 
ation reliability, suppression of power consumption and 
costs, etc.,) can be made in a vehicle unlocking system 
(namely, entry system). 

35 [0032] The main unit machine may have an in-vehicle 
communication antenna for conducting radio communi- 
cations with the portable machine existing in the vehicle 
as the radio communication antenna and a portable ma- 
chine search function of determining at least whether 

40 the portable machine exists inside or outside the vehicle 
depending on whether or not the communications with 
the portable machine through the In-vehicle communi- 
cation antenna are established. The main unit machine 
may execute the control signal output for accomplishing 

45 the locking operation of the lock only if it is determined 
by the portable machine search function that the porta- 
ble machine does not exist in the vehicle. 
[0033] In such a configuration, if the portable machine 
or the user canying it exists in the vehicle, the locking 

50 operation of the lock mentioned above (for example, au- 
tomatic locking operation performed by the control ap- 
paratus, etc.,) is not executed, so that the portable ma- 
chine or the usercanying itcan be prevented from being 
locked into the vehicle with the above-described advan- 

55 tage of the invention. This means that the function of 
preventing the portable machine or the user carrying 
from being locked into the vehicle In the locking opera- 
tion of the entry system can be realized with high relia- 
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bllity without increasing power consumption, costs, etc. 
[0034] The main unit machine of the invention may 
have a portable machine search function of determining 
at least whether or not the portable machine is away 
from the vehicle exceeding a communication-possible 
range depending on whether or not the radio communi- 
cations with the portable machine are established, 
wherein if it is detemriined by the portable machine 
search function that the portable machine Is away from 
the vehicle exceeding the communication-possible 
range, the main unit machine may check that another 
necessary condition holds as required before executing 
- the control signal output for accomplishing the locking 
operation of the lock. 

[0035] In such a configuration, if the user carrying a 
predetennined portable machine gets off the vehicle 
and is away from the vehicle at a predetenmined dis- 
tance, the fact is determined by the portable machine 
search function and if another necessary condition 
holds, the locking operation of the lock of the vehicle is 
automatically executed. Therefore, the user can lock the 
doors of the vehicle simply by doing the natural action 
of getting off and being away from the vehicle without 
performing any intentional locking operation. Thus, the 
advantage of making it possible to accomplish the exit 
operation of a smart entry system can be produced with 
the above-described advantage of the invention. This 
means that the exit operation of the smart entry system 
can be realized with high reliability without Increasing 
power consumption, costs, etc. 
[0036] The expression "another necessary condition" 
can be, for example, that the lock be In an unlocked state 
or that the authentication code of the portable machine 
be determined valid by radio communications conduct- 
ed before it Is determined that the portable machine is 
away from the vehicle exceeding the communication- 
possible range. 

[0037] The control processing may be signal output 
or data setting operation for enabling the operation of 
the object Installed in the vehicle, or signal output for 
giving an instruction to operate the object installed In the 
vehicle. 

[0038] In this case, a control system of the object in- 
stalled in the vehicle by radio communications is provid- 
ed and in such a system, the most of the above-de- 
scribed advantages of the invention (enhancement of 
the operation reliability, suppression of power consump- 
tion and costs, etc.,) can be made. 
[0039] The expression "data setting operation for en- 
abling the operation of the object installed in the vehicle" 
means internal processing of setting a flag for enabling 
the operation of the object Installed in the vehicle in In- 
fonnation processing of the main unit machine, for ex- 
ample. 

[0040] The main unit machine of the invention may 
have an in-vehicle communication antenna for conduct- 
ing radio communications with the portable machine ex- 
isting in the vehicle as the radio communication antenna 



and a portable machine search function of determining 
at least whether the portable machine exists inside or 
outside the vehicle depending on whether or not the 
communications with the portable machine through the 

5 in-vehlcle communk:atlon antenna are established, and 
the main unit machine may execute the signal output or 
data setting operation for enabling the operation of the 
object installed in the vehicle, or the signal output for 
giving an Instruction to operate the object installed in the 

10 vehicle only if it is determined by the portable machine 
search function that the portable machine exists in the 
vehicle. 

[0041] In such aconfiguration, if the portable machine 
or the user carrying it does not exist in the vehicle, the 
IS operation of the object installed In the vehicle Is not en- 
abled or an instruction to operate the object Installed in 
the vehicle is not given. Thus, a problem of operating 
the object installed in the vehicle illegally or by mistake 
although the portable machine does not exist in the ve- 
hicle (for example, a problem of starting the engine of 
an unattended automobile and degrading safety of the 
surroundings) can be circumvented with the above-de- 
scribed advantage of the invention. This means that the 
function of preventing malfunction or illegal operation in 
the control system of the object installed in the vehicle 
by radio communications can be realized with high reli- 
ability without Increasing power consumption, costs, 
etc. 



[0042] 

FIG. 1 A is a drawing to show the general configu- 
ration of a control apparatus; 
FIG. 1B is a drawing to show placement of an an- 
tenna; 

FIG. 2 is a drawing to show the spread of a commu- 
nication-possible range in vehicle; 
FIG. 3 Is a drawing to show the spread of a commu- 
nication-possible range in vehicle; 
FIGS. 4A and 4B are drawings to show one example 
of an automata locking function of the control ap- 
paratus; 

FIGS. 5A and 58 are drawings continued from 
FIGS. 4A and 4B; 

FIG . 6 Is a flowchart to describe the automatic lock- 
ing operation of the control apparatus; 
FIG. 7 is a flowchart to describe the engine start op- 
eration of the control apparatus; 
FIG. 8 Is a drawing to show the results of a commu- 
nication test of examples of the Invention; 
FIGS. 9A and 98 are drawings to show the compo- 
sition and configuration of control examples; and 
FIG. 1 0 is a drawing to show the results of a com- 
munication test of the control examples. 
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DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

[0043] Referring now to the acx^ompanying drawings, 
there Is shown a preferred embodiment of the invention. 
[0044] The embodiment is an example of applying the 
invention to a control apparatus of an entry system and 
an engine start system of a vehicle 1 (shown in FIG. 2, 
etc.,). 

[0045] The control apparatus comprises a portable 
machine 1 0 and a main unit machine 20 (containing an- 
tennas and sensors as peripheral devices) installed in 
the vehicle 1 , as shown in FIG. 1 A. 
[0046] The portable machine 10 contains power re- 
ception means (not shown), portable machine commu- 
nication means (not shown), portable machine storage 
means (not shown), a control circuit (not shown), an In- 
ternal battery, a power supply circuit (not shown) and 
the like. The power reception means receives electric 
power by non-contact power transmission of an electro- 
magnetic wave. The portable machine communication 
means radio-communicates a signal at a communica- 
tion frequency, such as a frequency in a UHF band, dif- 
ferent from the frequency of the power transmission. 
The portable machine storage means stores at least an 
authentication code, also called ID code, key code, or 
the like. The control circuit contains a microcomputer for 
controlling the whole portable machine and performing 
necessary in fonnation processing. The power supply 
circuit supplies power of the internal battery and the 
power received by the power reception means to power 
consuming components, such as the portable machine 
communication means and the control circuit, and the 
like. A locking or unlocking switch (not shown), etc., of 
a push-button operation section maybe provided on the 
operation surface of the portable machine 1 0. 
[0047] In FIG. 1 A, numeral 31 denotes a door lock ac- 
tuator of a drive source of a door lock of the vehicle 1 , 
numeral 32 denotes a control unit of an engine control 
system of the vehicle 1 , and numeral 33 denotes a steer- 
ing lock of the vehicle 1 . 

[0048] The detailed configurations of the power re- 
ception means, the portable machine communication 
means, etc., are not limited in the Invention and will not 
be discussed because at least various known configu- 
rations can be adopted. The main components are out- 
lined. For example, the power reception means is made 
up of a coil antenna, a rectification circuit for generating 
DC power from an induced electromotive force pro- 
duced on the coil antenna, and the like. For example, 
the portable machine communication means comprises 
the antenna common to the power reception means or 
a separate antenna, a circuit for radio-communicating 
at a predetermined communication frequency through 
the antenna (modulation circuit, demodulation circuit, 
originating circuit, etc.,), and the like. The control circuit 
comprises a CPU, ROM, RAM, and an input/output cir- 
cuit. The portable machine storage means has erasable 



non-volatile memory storing an authentfcation code, 
such as EEPROM. 

[0049] The power supply circuit has a circuit for per- 
fomning necessary voltage conversion, voltage stabili- 
5 zation processing, etc. In this case, the power supply 
circuit comprises power supply control means (made up 
of switching elements, electromagnetic relays, semi- 
conductor relays, etc.) for turning on and off power sup- 
ply of the whole portable machine 10 (or main power 
supply) . If the power supply control means turns off the 
power supply of the whole portable machine 1 0 accord- 
ing to a control command (sleep command) of the con- 
trol circuit, a so-called sleet mode is entered in which 
the whole operation of the portable machine 10 is 
stopped and power consumption be comes zero or al- 
most zero. If the power reception means receives pre- 
determined electric power as a start signal in the sleep 
mode, the power supply control means is driven, power 
supply of the whole portable machine 1 0 (or main power 
supply) is turned on, and the portable machine 10 is 
started and remains started until another sleep com- 
mand is output. 

[0050] The control circuit has a function of executing 
the following processing operation according to opera- 
tion program setting, etc., of the microcomputer: 
[0051] When the control circuit Is started by the 
above-mentioned start signal, it transmits a predeter- 
mined signal (start notification signal) as a response sig- 
nal to the start signal for notifying that the control circuit 
is started and Indicating the presence of the portable 
machine, as required. 

[0052] The control circuit also has a function of radio- 
transmitting, by the portable machine communication 
means, an answer signal containing the authentication 
code previously registered In the portable machine stor- 
age means, provided that the portable machine commu- 
nication means receives a request signal radio-transmit- 
ted from the main unit machine 20 during the starting. If 
the request signal contains an authentication code, the 
authentication code may be checked for validity in the 
portable machine 10 (namely, a check may be made to 
ensure that the authentication code contained in the re- 
quest signal corresponds to the authentication code pre- 
viously registered in the portable machine storage 
means before the answer signal is transmitted. 
[0053] If the above-mentioned locking or unlocking 
switch is provided, the control circuit also has a function 
of radio-transmitting a locking command signal contain- 
ing the authentication code or an unlocking command 
signal containing the authentication code when the 
switch is operated. When the locking command signal 
or the unlocking command signal Is transmitted and Is 
received at the main unit machine 20, the authentication 
code is checked for validity by the control function of the 
main unit machine 20 before the doors of the vehicle 1 
are locked or unlocked. That is, the control apparatus of 
the embodiment made up of the portable machine 10 
and the main unit machine 20 may be configured also 
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to provide the same function as the control apparatus of 
a general keyless entry system (above-described one- 
way communication system). 

[0054] On the other hand, the main unit machine 20 
comprises a control unit 21 , out-of-vehlcie antennas 22 
and 23, in-vehicle antennas 24 and 25, and sensors of 
door knob sensors 26 and 27, a door lock knob switch 
28, etc., as shown in FIG. 1 A. 
[0055] The out-of-vehicle antennas 22 and 23 are coll 
antennas placed at the left and right of the outside of 
the vehicle 1 (for example, in door mirrors). The in-ve- 
hicie antennas 24 and 25 are coil antennas placed at 
front and rear positions near the center in the vehicle 1 , 
as shown in FIG. 1 B and FIG. 3. Since the user carrying 
the portable machine 1 0 usually sits In a driver's seat 
(or at least a passenger seat), only the front in-vehicle 
antenna 24 maybe provided as the in-vehicle antenna, 
as shown in FIG. 2. 

[0056] In FIG. 2 or FIG. 3, numeral 41 denotes a steer- 
ing wheel, numeral 42 denotes an instrument panel, nu- 
meral 43 denotes a driver's seat, numeral 44 denotes a 
passenger seat, and numeral 45 denotes a rear seat. 
[0057] The antennas 22 to. 25 may be shared as an- 
tennas for transmitting a start signal (transmitting elec- 
tric power) and transmitting and receiving other signals 
(radio communications at the* communication 
frequency) ; however, for example, separate antennas 
for transmitting and receiving usual signals (radio com- 
munications at the communication frequency) may be 
provided. In this case, the separate antennas may be 
disposed at the same positions as the antennas 22 to 
25 or may be placed at other positions (for example, in 
the control unit 21). 

[0058] The communication-possible range through 
the in-vehtcle antennas 24 and 25 is only in the vehicle. 
The communication-possible rarige through the out-of- 
vehicle antennas 22 and 23 is a range a predetemrilned 
distance from the vehicle 1 outside the vehicle 1 . 
[0059] The coil antenna (in this case, at least the in- 
vehlcle antenna 24, 25) Is disposed in a position such 
that the coll antenna has an axis placed almost at right 
angle to a plane la parallel to the floor of the vehicle 1 , 
as shown in FIG. 1B. 

[0060] Preferably, the in-vehicle antenna 24, 25 is 
placed reasonably above the floor (for example, at a 
height of about 10 cm above the floor) to decrease the 
effect from the floor of the vehicle. 
[0061] If the antenna is disposed In such a position, 
the communication-possible range through each coil 
antenna (area in which a start signal, etc., can be trans- 
mitted and received between the portable machine 10 
and the main unit machine 20) becomes a complete 
range having a sufficient width along the floor direction 
of the vehicle 1 (normally, ground surface direction) and 
moreover such a good communication-possible range 
can be set without raising transmission output. Particu- 
larly, through the In-vehicle antenna 24, 25, the commu- 
nication-possible range is widened to the corners of the 



vehicle thoroughly as a sufficient width, as shown in FIG. 
3 or FIG. 2. That is, to place both the in-vehicle antennas 
24 and 25 at the front and rear in the vehicle, as shown 
in FIG. 3, the communication-possible range can be set 
5 in almost all region in the vehicle without raising trans- 
mission output, and a communication-possible range 
distribution to the outside of the vehicle (namely, leak- 
age of radio wave) does not exist. If only the in-vehicle 
antenna 24 is placed only at the front in the vehicle (in 
10 this case, between the driver's seat 43 and the passen- 
ger seat 44), as shown in FIG. 2, the communication- 
possible range can also be set in almost all region on 
the front in the vehicle without raising transmission out- 
put, and a communication-possible range distribution to 
15 the outside of the vehicle (namely, leakage of radio 
wave) does not exist. 

[0062] In this connection, if the in-vehicle antenna 24 
is disposed in a position such that the antenna has an 
axis placed parallel to a plane la, as shown in FIG. 9A, 
in the fomn in which the in-vehicle antenna 24 is placed 
only at the front, the communication-possible range be- 
comes extremely narrow and contains a large blind re- 
gion, as shown in FIG. 98, if other conditions (transmis- 
sion output, etc.,) are the same. 
[0063] Next, the door knob sensors 26 and 27 are 
proximity sensors each for detecting the body of the user 
(for example, finger) approaching the door knob of the 
vehicle 1 (not shown) or the vicinity of the door knob to 
handle the door knob. 

[0064] The door lock knob switch 28 is a proximity 
sensor for detecting the body of the user (for example, 
finger) approaching a door lock knob in the vehicle (not 
shown) or the vicinity of the door lock knob. 
[0065] The door knob sensors 26 and 27 and the door 
lock knob switch 28 are sensors each for forming a trig- 
ger (condition for starting power transmission as a start 
signal) for controlling the door unlocking operation, for 
example, as described later. 

[0066] In the embodiment, the main unit machine 20 
may be provided with a sensor for fomning a trigger to 
control engine starting although the sensor is not shown. 
That is, a proximity sensorforfonning a trigger to control 
engine starting may be disposed at one or more places 
where operation tools for performing drive operation in 
the driver's seat (containing engine start operation), 
such as the steering wheel 41 , are placed. In the em- 
bodiment, a starter operation section (not shown) for 
starting the engine is a pushbutton switch or a knob 
switch, for example, (not a key cylinder in related art). 
[0067] The control unit 21 comprises a control circuit 
(not shown) implemented as a microcomputer contain- 
ing a CPU, ROM, and RAM, a power sending circuit (not 
shown) for sending electric power by power transmis- 
sion, a main unit machine communication circuit (not 
shown) for radio-communicating a signal at the commu- 
nication frequency, main unit machine storage means 
(not shown) for storing authentication code, a power 
supply circuit (not shown), and the like. 
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[0068] The detailed configurations of the power send- 
ing circuit, the main unit machine communication circuit, 
etc., are not limited in the invention and will not be dis- 
cussed because at least various known configurations 
can be adopted. The main components are outlined. For 
example, the power sending circuit comprises an origi- 
nating circuit for transmitting electric power through the 
out-of-vehicte antennas 22 and 23 and the in*vehicle an- 
tennas 24 and 25 and the lil<e. For example, the main 
unit machine communication circuit comprises a circuit 
for radio-communicating at predetermined communica- 
tion frequency (modulation circuit, demodulation circuit, 
originating circuit, etc.,) through the out-of-vehicle an- 
tennas 22 and 23 and the in-vehicle antennas 24 and 
25 (or separate antennas described above). The control 
circuit comprises a CPU, ROM, RAIVI, and an input/out- 
put circuit. The main unit machine storage means has 
erasable non-volatile memory storing an authentication 
code, such as EEPROM. 

[0069] The power supply circuit has a circuit for per- 
fomning necessary voltage conversion, voltage stabili- 
zation processing, etc., with the battery installed in the 
vehicle 1 as an Input power supply, and basically always 
supplies power to the power consuming components of 
the main unit machine 20. 

[0070] In the embodiment, a signal from a door open/ 
closed sensor (not shown) for detecting the open or 
closed state of a door of the vehicle 1 (in this case, at 
least the door of the driver's seat or the passenger seat) 
is also input to the control unit 21 . The door open/closed 
sensor in the control apparatus is a sensor for forming 
a trigger (condition for starting power transmission as a 
start signal) for controlling the automatic locking opera- 
tion of the door, for example, as described later. 
[0071] The control circuit has functions of executing 
the following processing operation according to opera- 
tion program setting, etc., of the microcomputer: 
[0072] The control circuit has a portable machine 
search function of executing a portable machine search 
when a predetemiined trigger is formed, and a control 
processing function of checking an authentication code 
for validity as required after the portable machine search 
and then executing predetemiined control processing in 
response to the trigger (a specific example will be de- 
scribed in detail with reference to FIGS. 6 and FIG. 7). 
[0073] The specific processing contents of the porta- 
ble machine search are, for example, as follows: Prede- 
termined electric power as the start signal is sent by the 
power sending circuit for each antenna and whether or 
not the portable machine 10 exists in the communica- 
tion-possible range through all antennas is determined 
based on whether or not the start notification signal is 
received by the main unit machine communication cir- 
cuit ( That is, if the start notification signal is received, it 
is detemnined that the portable machine 10 exists) . At 
the time, which antenna the start notification signal is 
returned in response to the start signal sent through (or 
which antenna the start notification signal is received 



through) is detemnined, whereby whether or not the port- 
able machine 1 0 exists in the vehicle is detemnined. That 
is, for example, if the start notification signal is received 
in response to the start signal sent through the tn-vehicle 
5 antenna 24 or 25, the portable machine 1 0 is detemnined 
to exist in the vehicle. 

[0074] In the processing, the portable machine search 
function is provided based on the reception state of the 
start notification signal. However, after the portable ma- 

10 chine is started by the start signal, checking the authen- 
tication code for validity (namely, transfer of a request 
signal and an answer signal) described later may be per- 
formed, and where the portable machine 10 exists (in 
this case, whether or not the portable machine 1 0 exists 

IS in the communication-possible range and in the vehicle) 
may be detemnined based on whether or not the com- 
munication is established. Incidentally, in this case, the 
start notification signal is not necessarily required, be- 
cause the detemiination as to whether or not the porta- 

20 ble machine 10 is started in the main unit machine 20 
need not necessarily be executed with such a response 
signal. For example, the main unit machine 20 may pro- 
ceed to the next step (In this case, transmitting a request 
signal) by assuming that the portable machine 10 is 

25 started after the expiration of a predetermined time in- 
terval after sending the start signal from the main unit 
machine 20, for example. 

[0075] The specific processing contents of checking 
an authentication code for validity are, for example, as 

30 follows: A request signal containing the authentbation 
code is radio-transmitted by the main unit machine com- 
munication circuit and when an answer signal from the 
portable machine 10 is received by the main unit ma- 
chine communication circuit after the request signal is 

35 transmitted, whether or not the authentication code con- 
tained in the answer signal corresponds to the authen- 
tication code previously registered in the main unit ma- 
chine storage means is determined. If the determination 
result Is affirmative, the authentication code from the 

40 portable machine 10 is detemnined valid. 

[0076] As previously mentioned in the description of 
the portable machine 10, the authentication code may 
be contained in the request signal and may be checked 
for validity in the portable machine 1 0 before the answer 

45 signal is transmitted. In doing so, the following incon- 
venience for crime prevention or power saving can be 
circumvented: For example, in a situation in which a plu- 
rality of vehicles each comprising the same model of en- 
try system are placed nearby, whenever the portable 

50 machine 10 is started by a start signal from the main unit 
machine 20 of a vehicle different from the vehicle of the 
user of the portable machine 1 0, it transmits an answer 
signal containing the authentication code. 
[0077] As the control functions of the main unit ma- 

55 chine 20, for example, the following function may be pro- 
vided in addition to the functions as described above: 
[0078] After a predetemiined trigger is once fomned, 
the main unit machine 20 transmits a start signal peri- 
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odically even if the trigger does not continuously occur, 
and whether or not a start notification signal is received 
is checked (or a request signal and an answer signal 
are transfenred and received or the authentication code 
Is checked for validity based on transfemng and receiv- 
ing the request signal and the answer signal) . Whether 
or not the portable machine 1 0 exists within the commu- 
nication-possible range is determined periodically 
based on whether or not the communication is estab- 
lished (or the authentication code is detennlned valid). 
For example, when the portable machine 10 is deter- 
mined to be outside the communication-possible range 
involved in all antennas, the monitor processing Is ter- 
minated. This function will be hereinafter referred to as 
continuous portable machine search function. If the 
function is provided, preferably the monitor processing 
is executed for each antenna. 
[0079] In the configuration, the continuous portable 
machine search function makes it possible to continu- 
ously detenmine (at least estimate) whether the portable 
machine (or the driver normally canying the portable 
machine) exists In or out of the vehicle or exists at the 
right or left of the outside of the vehicle 1 . Thus, for ex- 
ample, if the driver in the vehicle 1 as shown in FIG. 4A 
gets off the vehicle and closes a door as shown in FIG. 
4B and leaves the vehicle 1 as shown in FIG. 5A and is 
away from the communication-possible range through 
the out-of -vehicle antennas 22 and 23 as shown in FIG. 
5B, the operation sequence can be detemnined by the 
continuous portable machine search function and if the 
doors are not unlocked, a control signal can be output 
to the door lock actuator 31 for automatically locking the 
doors. This operation is one fomri of the locking opera- 
tion of the smart entry system. 
[0080] As anothercontrol function of the main unit ma- 
chine 20, the following function may be provided: For 
example, the fact that the engine of the vehicle 1 is 
stopped is sensed based on a notification signal from 
the control unit 32 of the engine control system, a steer- 
ing lock actuation signal is transmitted to the steering 
lock 33 for automatically placing the steering wheel 41 
In a steering lock state (that is, the steering wheel 41 is 
set to be unrotatable). 

[0081] The main unit machine 20 may also have the 
following function: When a switch placed on the portable 
machine 1 0, such as a locking or unlocking switch is op- 
erated as previously mentioned in the description of the 
portable machine 10, upon reception of a radio signal 
transmitted from the portable machine 10, such as a 
locking command signal containing the authentication 
code, the authentication code is checked for validity, 
then a control signal for accomplishing the operation re- 
sponsive to the command contained in the radio signal, 
such as the operation of locking the doors of the vehicle 
1 , is output. This function is the same as a general one- 
way communication keyless entry system. 
[0082] Next, a characteristic operation example of the 
control apparatus will be discussed together with the 



control processing contents of the portable machine 10 
and the main unit machine 20 involved in the operation 
example. 

[0083] First, FIG. 6 is a flowchart to show a flow of one 

5 form of the automatte locking operation of the control 
apparatus (one example of the automatic locking func- 
tion as the smart entry system). 
[0084] First, at steps S1 to S3, whether or not a pre- 
detennined trigger (namely, start condition) holds is de- 

10 termined by processing of the nriain unit machine 20 
(precisely, processing of the control circuit of the control 
unit 21). That is, if it is detemnined based on an output 
signal of the door open/closed sensor that a vehicle 
door, which may be any door or may be limited to the 

15 driver's seat door, for example, is opened (step SI ) and 
then the door is detemnined to be closed, for example, 
after the expiration of a predetermined time interval 
(step S2) and further it is detemriined that the door (or 
any of other doors, for example) is not locked, it is as- 

20 sumed that the predetennined trigger holds and control 
goes to step S4. If the predetermined trigger does not 
hold, the subsequent operation is not pertomned. 
[0085] The contents of the trigger are not limited to 
the above-described form. For example, if the continu- 

25 ous portable machine search function of periodically 
searching for the presence location of the portable ma- 
chine 1 0 as described above is provided, the fact that it 
is determined that the portable machine 10 is moved 
from the vehicle inside to the outside (namely, it is esti- 

30 mated that the passenger of the driver, etc. , leaves the 
vehicle) by the continuous portable machine search 
function and that a predetennined door (or any door), 
for example, where the portable machine 10 is moved 
is closed may be adopted as the trigger contents. Alter- 

35 natively, if it is determined based on output of the door 
open/closed sensor that the open door is closed in a 
state in which the door knob sensor 26, 27 outputs a 
detection signal (namely, it is estimated that the passen- 
ger of the driver, etc., closes the door with the door 

40 knob), it can also be detennlned that the trigger holds. 
[0086] Next, at step S4, the portable machine search 
function is executed. That is, for example, the main unit 
machine 20 transmits a start signal and detennines 
which antenna a start notification signal as a response 

45 from the portable machine 10 is received through. If no 
response from the portable machine 10 is received 
through the antennas as the result of the portable ma- 
chine search, control goes to step 88 through step S5, 
and a warning informing the user of an anomaly is pro- 

50 duced under the control of the main unit machine 20, for 
example, by turning on or blinking a lamp, such as a 
head lamp or a hazard lamp, outputting a waming sound 
(for example, sounding a hom), or. the like. Control goes 
to step SB if the door is opened/closed and moreover 

55 any door Is not locked although the portable machine 
10 is beyond the communication-possible range 
through every antenna. Therefore, there is a possibility 
of forgetting about locking the doors or illegal opening/ 
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closing the doors, and the administrator of the vehicle 1 
carrying the portable machine 10 at a distance position 
from the vehicle 1 (nonnally, the vehicle 1 owner or driv- 
er), for example, should also be warned of the abnormal 
condition of crime prevention in a notification-possible 
form as much as possible. 

[0087] If it is detennined that the portable machine 1 0 
exists in the vehicle as the result of the portable machine 
search at step S4, control<goes to step S9 through step 
S6 and a warning Infomning the user of an anomaly is 
also produced under the control of the main unit ma- 
chine 20. Control goes to step S9 if it is feared that the 
portable machine 10 may be locked into the vehicle. 
Thus, the passenger getting off the vehicle should be 
warned of the fact in a well informable fomri (for example, 
by producing a buzzer sound). 

[0088] If it is determined that the portable machine 1 0 
exists in the communication-possible range outside the 
vehicle as the result of the portable machine search at 
step S4, it is estimated that the user of the portable ma- 
chine 1 0 gets off the vehicle normally. Then, at step S7, 
the main unit machine 20 produces control output for 
automatically locking the unlocked door, which may be 
any door or may be limited only to the driver's seat door, 
for example. Through step S7, control returns to step 
S3 and, for example, if any door is not yet locked, the 
operation at step S4 and the later steps is again per- 
formed. 

[0089] On the other hand, if control goes to step S8 
or S9, control also returns to step S3 after a warning is 
produced. Thus, again step S8 or S9 Is repeated for con- 
tinuing the warning until the door is locked unless the 

situation changes. 

[0090] According to the operation of the control appa- 
ratus described above, for example, if the driver carrying 
the portable machine 1 0 in which the right authentication 
code is registered simply opens and closes a door, the 
operation at step 87 is executed for automatically lock- 
ing at least the door; the automatic locking operation as 
the so-called smart entry system can be realized. 
[0091 ] The automatic locking operation of the control 
apparatus Is not limited to thefonn previously described 
with reference to FIG. 6, For example, if the main unit 
machine 20 is provided with the continuous portable ma- 
chine search function of periodically searching for the 
presence location of the portable machine 10 as de- 
scribed above, when it. is determined that the portable 
machine 1 0 is moved from the vehicle inside to the out- 
side (namely, it is estimated that the passenger of the 
driver, etc., leaves the vehicle) by the continuous port- 
able machine search function, the main unit machine 20 
again checks that the portable machine 1 0 does not ex- 
ist in the vehicle as required, then if any of the closed 
doors is unlocked, the main unit machine 20 produces 
control output for locking the door, whereby the auto- 
matic locking operation can also be realized. 
[0092] Alternatively, when it is determined that the 
portable machine 1 0 is moved from the vehicle inside to 



the outside and further is placed beyond the communi- 
cation-possible range through the out-of-vehicle anten- 
na 22, 23 (namely, it is estimated that the passenger of 
the driver, etc., leaves the vehicle and is away from the 
5 vehicle 1 at a predetennined distance) by the continu- 
ous portable machine search function as described 
above, the main unit machine 20 again checks that the 
portable machine 1 0 does not exist In the vehicle as re- 
quired, then if any of the closed doors is unlocked, the 
main unit machine 20 produces control output for lock- 
ing the door, whereby the automatic locking operation 
can also be realized. Incidentally, in this case, as shown 
in FIG. 4 and FIG. 5, the automatic locking operation is 
executed only if the passenger carrying the portable ma- 
chine gets off the vehicle 1 and further is away from the 
vehicle 1 at the predetermined distance, so that the in- 
convenience of automatically locking the door whenever 
the passenger temporarily gets off the vehicle 1 near the 
vehicle 1 and closes the door can be eliminated. 
[0093] The following is possible as a specific example 
of the automatic unlocking operation perfomned by the 
control apparatus (an example of the automatic locking 
function as the smart entry system) : 
[0094] The automatic unlocking operation can be per- 
formed after the portable machine search is executed 
and the authentication code is checked for validity, for 
example, with output of a detection signal of the door 
knob sensor 26 or 27 or the door lock knob switch 28 
(with the corresponding door locked) as a trigger. That 
is, if a detection signal of the door knob sensor 26 or 27 
or the door lock knob switch 28 is output with the door 
locked, it is estimated that the driver or the passenger 
touches the door knob or the door lock knob attempting 
to open the door (or attempting to unlock the door) . 
Thus, if the main unit machine 20 detennines it, the main 
unit machine 20 executes the portable machine search 
and If the portable machine 10 Is found in the commu- 
nication-possible range, the main unit machine 20 fur- 
ther checks the authentication code for validity. If the 
portable machine 10 has the valid registered authenti- 
cation code, the main unit machine 20 executes control 
output for unlocking the door. According to the configu- 
ration , if the user (driver or passenger) carrying the port- 
able machine 10 simply perfonns the natural operation 
of touching the door knob, etc., of the vehicle 1 and 
opening the door, the door is automatically unlocked and 
the automatic unlocking operation of the so-called smart 
entry system can be realized. 

[0095] Next, FIG. 7 is a flowchart to show a flow of the 
engine start operation of the control apparatus. 
[0098] In this case, preferably the operation shown in 
FIG. 7 is executed only if a predetennined trigger for en- 
gine start control (for example, output of a detection sig- 
nal by the proximity sensor of the driver's seat described 
above) holds. In doing so, a start signal for a portable 
machine search is not always transmitted (for example, 
a start signal is transmitted only if the driver sits in the 
driver's seat and perf omis drive operation), so that pow* 
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er consumption of the main unit machine 20 can be 
saved. However, if such power consumption does not 
introduce a problem, a start signal may be periodically 
transmitted all the time for periodically executing a port- 
able machine search, etc., (in this case, processing at 5 
step S11 and the later steps described later). 
[0097] First, at steps S11 and SI 2, the above-de- 
scribed portable machine search function is executed. 
That Is, for example, the main unit machine 20 transmits 
a start signal and determines which antenna a start no- io 
tificatlon signal as a response from the portable machine 
1 0 is received through. If no response from the portable 
machine 1 0 is received or if it is determined that the port- 
able machine 1 0 does not exist in the vehicle as the re- 
sult of the portable machine search, control returns to is 
the beginning and the operation Is repeated. However, 
if the start condition is that the above-described trigger 
should hold, the system waits until another trigger holds. 
[0098] Next, at steps S13 to SI 7, the authentication 
code check operation for validity described above Is ex- 20 
ecuted. That is, the main unit machine 20 (vehicle-in- 
stalled machine) transmits a request signal at step S13, 
the portable machine 10 receives the request signal at 
step S14 and returns an answer signal at step SI 5, and 
the main unit machine 20 (vehicle-installed machine) 25 
checks the authentication code for validity based on the 
answer signal at step SI 6. If the detemriination result is 
affinnative, control goes through step SI 7 to step SI 8; 
if the determination result is negative, the authentication 
code Is detemriined invalid and control returns to the be- 30 
ginning and the operation Is repeated. However, if the 
start condition isthatthe above-described trigger should 
hold, the system waits until another trigger holds. 
[0099] At step SI 8, the main unit machine 20 per- 
forms signal output or data setting operation (for exam- 35 
pie, sets an engine start enable flag) for enabling engine 
start of the vehicle 1 and further outputs a steering un- 
locking command to the steering lock 33. If engine start 
is enabled in such a manner, starter operation (opera- 
tion of the starter operation section) shown at step SI 9 40 
becomes effective and the engine is actually started as 
shown at step S20 as the starter operation section is 
operated. When the steering unlocking command is out- 
put, the steering lock is released and the steering lock 
33 is operated, enabling the driver to handle the steering 45 
wheel 41 . 

[0100] According to the described operation, if the 
driver carrying the portable machine simply sits in the 
driver's seat (however, if the above-described trigger is 
set, the drive operation to actuate the proximity sensor 50 
is required), engine start is enabled, the engine can be 
started by easy operation of pushing the pushbutton 
starter operation section, for example, as described 
above, and further steering lock is automatically re- 
leased for enabling the driver to handle the steering ss 
wheel 41 and immediately run the vehicle. Moreover, 
engine start is not enabled and steering lock is not re- 
leased for any person who does not carry the portable 



machine; if the person operates the starter operation 
section , the engine is not started and the steering wheel 
41 remains locked, so that the vehicle can be protected 
from theft. Therefore, the engine start control system in- 
volving authentication code check for validity enabling 
advanced crime prevention as compared with the con- 
ventional lock and key system is provided and the highly 
convenient operation as with the smart entry system 
(namely, eliminating the need for the user to perfomri any 
Intentional operation for enabling engine start, etc.,) is 
realized. 

[0101] As the control processing perfomied by the 
main unit machine 20 If a search is made for the portable 
machine 10 and the authentbation code Is determined 
valid, the processing of enabling engine start, etc., (step 
SI 8) has been described in the operation example, but 
the invention Is not limited to it. For example, it may be 
control processing of immediately starting the engine, 
namely, steps SI 8 and SI 9 in FIG. 7 may be omitted. 
However, considering safety, it Is desirable that the driv- 
er should surely intend to start the engine. Thus, from 
this viewpoint, the configuration previously described 
with reference to FIG. 7 is preferred. 
[0102] In the flowchart of FIG. 7, the operation exe- 
cuted if starter operation is not performed although en- 
gine start is enabled and steering lock is released Is not 
shown; preferably, engine start enabling, etc., is can- 
celed from the point of crime prevention, for example, if 
the starter operation Is not performed after the expiration 
of a given time interval. To prevent engine start enabling, 
etc., from being held unnecessarily, for example, when 
the authentication code is detennined invalid at step 
S17, engine start enabling, etc., at step SI 8 in the op- 
eration sequence in the immediately preceding cycle 
may be canceled in processing of the main unit machine 
20 before the operation is returned to the beginning, 
namely, step S11. 

[0103] The control apparatus of the embodiment de- 
scribed above can provide the following excellent prac- 
tical advantages: 

[01 04] Since the radio communication antennas 22 to 
25 of the main machine unit 20 (antennas for at least 
transmitting a start signal) are shaped like coils and are 
placed so that the axial direction of each antenna be- 
comes at right angle to the floor of the vehicle 1 , the 
communication-possible range (particulariy, the trans- 
mission/reception-possible range of a start signal) can 
be set to an exceptionally wide, proper range (less leak- 
age as a whole) without increasing the number of an- 
tennas or the transmission output. 
[0105] Thus, the possibility of occurrence of the prob- 
lem wherein although the user carrying the valid porta- 
ble machine 10 lies in the same degree of the distance 
range from the vehicle 1 0 (or exists in the vehicle), radio 
communications become impossible and the predeter- 
mined control processing (door locking or unlocking op- 
eration, engine start enabling, etc., as described above) 
is not executed depending on the position of the portable 
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machine 10 (user) (particularly, position in the floor di- 
rection of the vehicle 1) can be decreased. Namely, the 
operation reliability can be enhanced without increasing 
power consumption or costs or involving the detrimental 
effects caused by unnecessary enlarging of the commu- 
nication-possible range (the fear of having the authen- 
tication code contained in a radio signal stolen because 
the communication-possible range is unnecessarily 
spread or the like). 

[0106] That Is, with the communication-type control 

apparatus as described in the various specific examples 
(particularly, the apparatus for perfonning advanced 
control processing based on the portable machine 
search as described above), if the communication-pos- 
sible range (particularfy, the transmission/reception- 
possible range of a start signal at low frequency) is not 
set to a predetermined range thoroughly with good ac- 
curacy, the reliability and precision of the control oper- 
ation are degraded, of course. Thus, for example, there 
is a fear of occurrence of the following problem: The 
smart entry system function cannot much be used actu- 
ally although it is provided. However, if the antennas 
configured as in the invention are placed as the main 
unit machine antennas of such a communication-type 
control apparatus including the smart entry system, the 
communication-possible range can be exceptionally 
well spread. Thus, the reliability of a control apparatus 
of a system such as a general keyless entry system in 
the related art (one-way communication type) can be 
enhanced and further the reliability of a control appara- 
tus of an advanced system such as a smart entry system 
(two-way communication type) can be made to reach a 
sufficiently practical level and the most of the high con- 
venience of such an advanced control apparatus can be 
made effectively. 

[0107] Particularly, in the control apparatus of the In- 
vention, one or more in-vehlcle antennas 22, 23 (in-ve- 
hicle communication antennas) for radio-communicat- 
ing with the portable machine 10 in the vehicle are 
placed near the center in the floor direction In the vehicle 
(in this case, one or two antennas) as the radio commu- 
nication antennas of the main unit machine 20. 
[0108] Such a structure makes It possible to set the 
communication-possible range with the portable ma- 
chine 10 in the vehicle to a wide range containing the 
corners in the vehicle (shown in FIG. 2 and FIG. 3) while 
reducing transmission output to a minimum, and more- 
over the number of in-vehicle antennas for the purpose 
is needed to be only a few. 

[0109] Thus, it is made possible to enhance the relia- 
bility of the control operation based on radio communi- 
cations made effective particularly with the portable ma- 
chine 10 in the vehicle (for example, the control opera- 
tion requiring a determination as to whether or not the 
portable machine 10 exists in the vehicle or the control 
operation of manual remote operation of operating the 
switch of the portable machine 1 0 existing in the vehicle 
as previously described with reference to FIG. 6 or FIG. 



7) without Increasing power consumption, costs, etc. 
(Other embodiments) 

s [0110] The invention Is not limited to the above-de- 
scribed embodiment and various modifications are pos- 
sible. For example, in the above-described embodi- 
ment, the specific examples are given only for control of 
locking and unlocking the doors and engine start control, 

10 but the invention is not limited to them, and various con- 
trolled targets and the various control contents are pos- 
sible. 

[0111] The portable machine 1 0 may be provided with 
additional switches and various types of remote opera- 
is tlon (manual operation) may be made possible In re- 
sponse to the additional switches. For example, switch- 
es for remotely operating opening and closing a trunk, 
an engine room, a refueling Inlet, etc., a panic switch for 
sounding the vehicle' s horn when the passenger is as- 
saulted by a thug, etc., and the like may be provided as 
required, needless to say. 

[01 1 2] To transmit and receive a signal at the normal 
communication frequency between the portable ma- 
chine and the main unit machine, other signals than the 
above-described signals (request signal, answer signal, 
and start notification signal) may be transmitted and re- 
ceived. 

[01 1 3] The invention can be widely applied to any ap- 
paratus other than the vehicle entry system, etc., if the 
apparatus perfomris some control based on radio com- 
munications between a portable machine and a main 
unit machine. Further, for example, a trailer house, a 
building (for example, plant control room), or the like 
comprising a cabin (living space) having a given floor is 
possible as an equivalent to "vehicle" of the invention, 
and a machine, an apparatus, etc., installed inside or 
outside a building is possible as an equivalent to "object 
installed in vehicle" of the invention. 

(Verification test) 

[0114] FIG. 8 and FIG. 10 are drawings to show the 
results of test conducted by the inventor et. al to verify 
the functions and advantages of the invention. The plan 
views of a vehicle In FIGS. 8. and 10 are almost the 
same as the plan views of the vehicle in FIG. 2 and FIG. 
3 and the configuration will not be discussed again. 
[0115] In the test, an in-vehlcle antenna (coil antenna) 
of a main unit machine was placed at the same position 
as the above-described In-vehicle antenna 24 in FIG. 2. 
In this state, while a portable machine was moved from 
one position to another in the floor direction in the vehi- 
cle, a check was made to see if the portable machine 
can receive a signal transmitted through the in-vehicle 
antenna. 

[0116] The transmission/reception frequency was 
130 kHz assuming a start signal and transmission out- 
put was set to a constant value such that vehk:le win- 
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dows become boundaries of the communication-possi- 
ble range (namely, a constant value such that a radio 
wave does not leak to the outside of the vehicle). The 
placement position of the tn-vehicle antenna In the 
height direction thereof was set about 1 0 cm above the 
vehicle floor (metal body portion) . A check was made 
to see if the portable machine containing a portable ma- 
chine antenna can receive a signal in a state in which it 
was placed on the floor, a seat, a panel, etc., at floor 
direction positions. 

[0117] In FIG. 8 and FIG. 10, reception-impossible 
portions are shaded and surrounded by alternate long 
and short dash lines on the plan views of the vehicle. 
Test data A1 to test data A3 shown in FIG. 8 are provided 
as examples of the invention by placing the in-vehicle 
antenna in a horizontal position (the center axis of the 
coil becomes at right angle to the floor) as shown in FIG. 
1 B. The test data A1 is provided by also placing the an- 
tenna of the portable machine in a horizontal position. 
The test data A2 is provided by placing the antenna of 
the portable machine in an upright position (the center 
axis of the col! becomes parallel to the floor) with the 
length direction of the antenna matching the length di- 
rection of the vehicle. The test data A3 is provided by 
placing the antenna of the portable machine in an up- 
right position with the length direction of the antenna 
matching the width direction of the vehicle. 
[0118] Test data B1 to test data 86 shown in FIG. 10 
are provided as control examples by placing the in-ve- 
hicle antenna in an upright state (the center axis of the 
coil becomes parallel to the floor) as shown in FIG. 9A. 
The test data 81 to the test data 83 are provided by plac- 
ing the in-vehicle antenna with the length direction 
thereof matching the width direction of the vehicle. The 
test data 84 to the test data 86 are provided by placing 
the in-vehicle antenna with the length direction thereof 
matching the length direction of the vehicle. The test da- 
ta 81 and the test data 84 are provided by placing the 
antenna of the portable machine in a horizontal position. 
The test data 82 and the test data 85 are provided by 
placing the antenna of the portable machine in an up- 
right position with the length direction of the antenna 
matching the length direction ofthe vehicle. The test da- 
ta 83 and 86 are provided by placing the antenna of the 
portable machine in an upright position with the length 
direction of the antenna matching the width direction of 
the vehicle. 

[0119] The vehicle, the main machine unit, the porta- 
ble machine, and other conditions used with the test are 
the same as for all test data. 

[0120] It is seen from the test data in FIG. 10 as the 
control examples that a reception-impossible blind re- 
gion exists in many parts in the vehicle. Even in the test 
data 82 or 86 with a comparatively small number of blind 
regions, the blind regions exist in the area near to the 
driver's seat and a part of the driver's seat important for 
the control apparatus. Therefore, in the configuration of 
the control examples (wherein the coil antenna is dis- 



posed in an upright state on the floor), the operation re- 
liability and precision of various types of control process- 
ing performed based on the determination as to whether 
or not the portable machine exists In the vehicle as de- 
5 scribed above, for example, are considerably degraded, 
and it is made almost impossible to put the configuration 
to use particularly under the condition indicated in the 
test data 81 (or a large number of in-vehicle antennas 
must be Installed, leading to a drastic increase In costs). 
FIG. 98 is a drawing prepared based on the test data 81 . 
[0121] In contrast, it Is seen from the test data in FIG. 
8 as the examples of the invention that a blind region 
does not exist or scarcely exists except for the rear seat 
(or a part thereoQ or the trunk room comparatively less 
important forthe control apparatus. Even in the test data 
A2 or A3 with slight blind regions also existing in the 
front seat sides, a blind region does not exist on the driv- 
er's seat important for the control apparatus and a blind 
region scarcely exists in a part near to the driver's seat. 
FIG. 2 is a drawing prepared based on the test data A1 
in FIG. 8. 

[0122] Therefore, in the configuration ofthe examples 
(wherein the coil antenna is disposed in a parallel state 
with the floor), the operation reliability and precision of 
various types of control processing perfonned based on 
the detemiination as to whether or not the portable ma- 
chine exists in the vehicle as described above, for ex- 
ample, are exceptionally enhanced, and the configura- 
tion can be put to use simply by installing one In-vehicle 
antenna. If another in-vehicle antenna is installed in the 
rear in a similar position, as shown in FIG. 3, a good 
communication-possible area spread to the comers of 
the whole vehicle with almost no leakage (namely, blind 
regions do not exist) can be set in the vehicle and more- 
over a radio wave does not leak to the outside of the 
vehicle. 

[0123] The test results also indicate that similar ad- 
vantages can be provided if the concept of the invention 
is applied to an out-of -vehicle antenna placed in a door 
min^or, etc., because in the examples (FIG. 8), each 
communication-possible range is well spread as a clear- 
ly wide fonn with almost no distortion or hollow regard- 
less of the same transmission output as in the control 
examples (FIG. 10). 

[0124] According to the control apparatus of the in- 
vention, it is made possible to set the communication- 
possible range to an exceptionally wide, proper range 
(less leakage as a whole) although the number of an- 
tennas, the antenna placement position, or the trans- 
mission output is the same as verified from the test re- 
sults described above. 

[0125] Thus, the possibility of occurrence of the prob- 
lem wherein although the user carrying the portable ma- 
chine lies in the same degree of the distance range from 
the vehicle (or exists in the vehicle), radio communica- 
tions become impossible and the predetermined control 
processing is not executed depending on the position of 
the portable machine (particularfy, position in the floor 
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direction of the vehicle) can be decreased, namely, the 
operation reliability can be enhanced without increasing 
power consunnptlon or costs or Involving the detrimental 
effects caused by unnecessary enlarging of the commu- 
nication-possible range (the fear of having the authen- 
tication code contained In a radio signal stolen because 
the communication-possible range is unnecessarily 
spread or the like). 



Claims 

1 . A control apparatus comprising: 

a portable machine; and 
a main unit machine disposed on a vehicle and 
having at least one coll shaped radio commu- 
nication antenna which is placed while an axial 
direction of the antenna intersects at right angle 
to a floor of the vehicle, said main unit machine 
conducting radio communications with said 
portable machine and executing control 
processing for accomplishing a predetermined 
operation of an object installed in the vehicle in 
response to a result of the radio communica- 
tions conducted with sard portable machine. 

2. The control apparatus as claimed In claim 1 , where- 
in the radio communication antenna Is at least one 
in-vehicle communication antenna for conducting 
the radio communications with said portable ma- 
chine which exists in the vehicle, the In-vehicle com- 
munication antenna placed near a center of the floor 
of the vehicle. 

3. The control apparatus as claimed in claim 2, where- 
in the in-vehicle communication is placed at a height 
of substantially 10 cm above the floor. 

4. The control apparatus as claimed in claim 2, where- 
in the in-vehlcie communication is placed only at a 
front in the vehicle. 

5. The control apparatus as claimed in claim 1 , where- 
in the object Installed In the vehicle is a lock device 
for locking or unlocking a door of the vehicle, and 
the control processing is control signal outputfor ac- 
complishing the locking or unlocking operation of 
the lock device. 

6. The control apparatus as claimed in claim 1 , where- 
in said main unit machine is provided with a search 
portable machine function for detemnining where 
said portable machine exists on the basis of an es- 
tablishment of the radio communications with said 
portable machine. 

7. The control apparatus as claimed in claim 5, where- 



in saidmain unit machine is provided with a search 
portable machine function for detemnining where 
said portable machine exists on the basis of an es- 
tablishment of the radio communications with said 
5 portable machine. 

8. The control apparatus as claimed in claim 7, where- 
in the radio communication antenna has at least 
one in-vehicle communication antenna for conduct- 

10 ing the radio communications with said portable 
machine which exists In the vehicle, and said main 
unit machine detemiines, by the port able machine 
search function, at least that said portable machine 
exists inside or outside the vehicle on the basis of 

15 the establishment of the radio communications with 
said portable machine through the In-vehicle com- 
munication antenna, wherein said main unit ma- 
chine executes the control signal output for accom- 
plishing the locking operation of the lock only if it is 

20 detemiined by the portable machine search func- 
tion that said portable machine does not exist in the 
vehicle. 

9. The control apparatus as claimed in claim 7, where- 
as in the radio communication antenna has at least 

one out-of -vehicle antenna for conducting the radio 
communications with said portable machine which 
exists outside the vehicle, and said main unit ma- 
chine detennines, by the portable machine search 
30 function, at least whether or not said portable ma- 
chine is away from the vehicle exceeding a commu- 
nteation-posslble range of the out-of-vehicle radio 
communication antenna on the basis of the estab- 
lishment of the radio communications with said port- 
35 able machine through the out-of-vehicle radio com- 
munication antenna, wherein said main unit ma- 
chine executes the control signal output for accom- 
plishing the locking operation of the lock on the ba- 
sis of the check of the predetermined condition if 
40 said main unit machine detennines, by the portable 
machine search function, that said portable ma- 
chine is away from the vehicle exceeding the com- 
munication-possible range. 

45 1 0. The control apparatus as claimed in claim 1 , where- 
in the control processing is one of signal output or 
data setting operation for enabling the operation of 
the object installed In the vehicle and signal output 
for giving an instruction to operate the object in- 
50 stalled in the vehicle. 

11. The control apparatus as claimed in claim 10, 
wherein the radio communication antenna has at 
least one In-vehicle communication antenna for 
55 conducting the radio communications with said 
portable machine which exists In the vehicle, and 
said main unit machine is provided with a search 
portable machine function for detennining at least 
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that said portable machine exists inside or outside 
the vehicle on the basis of the establishment of the 
radio communications with said portable machine 
through the in-vehlcle communication antenna, 
wherein said main unit machine executes one of the 5 
signal output or data setting operation for enabling 
the operation of the object installed in the vehicle 
and the signal output for giving an instruction to op- 
erate the object installed In the vehicle only if main 
unit machine detemilnes, by the portable machine io 
search function, that said portable machine exists 
in the vehicle. 
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FIG. 2 
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FIG. 3 
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FIG. 4B 
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FIG. 6 
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FIG. 7 
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FIG. 9A 
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